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Biosynthesis of chalepin ~has been studied. Incorporation of 3-{1,I-dimethylallyl)-7-hydroxycownarin in "
indicates that it is the key intermediate for the biosynthesis of chalepin in Rilla graveolens. Utilisation of
gravelliferone l2 into chalepin supported the hypothesis that the origin of dihydrofuran moiety in chalepin, is via
-prenyiati~~~t <:-6 followed by oxidative cyclisation with neighbouring hydroxyl function. "
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The biosynthesis of coumarin.~ has received
considerable attention in the past few years because
they belong to a class of naturally occurring
compounds exhibiting maximum number of
biogenetic modifications of the simple isoprenoid
unit. Early studies on the biosynthetic reactions
leading to simple cournarins in plants demonstrated
that they are derived from the corresponding
cinnamic acids and being formed via the shikimic
acid pathway'". Recently, there has been much
interest in the biosynthesis of coumarins bearing
furan ring. Prenylation of umbelliferone at C-6
leads to linear furanocoumarins by oxidative ring
closure to neighbouring oxygen followed by loss of
acetone'" (Scheme I). Similarly, an analogous
pathway leads to angular furanocoumarins from
umbelliferone via prenylation at C-8 (Scheme 11)7,8.
In addition to simple coumarins, a number of
coumarins with 0 or C substituents in the lactone
ring have recently been isolated from Rutaceous
plants. Those with O-substitution in lactone ring are
relatively rare. Substitution at C-3 of coumarin
nucleus takes the form of I, I-dimethylallyl function
rather than 3,3-dimethylallyl group usually found in
nature. The observation that C-3 position in
umbelliferone is more electronegative than C-6 or
C-8, although relevant, does not explain the
prevalence of 1,l-dimethylallyl unit.
As there is no report on the origin of 1,1-
dimethylallyl group at C-3 of coumarin nucleus in
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plants, it was considered of interest to undertake the
biosynthesis of chalepin 15 in Ruta graveolens
Linn. (Rutaceae).
Biogenesis. Based on biogenetic considerations
umbelliferone appears to be the parent moiety for
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the biosynthesis of chalepin 15. The dihydrofuran
moiety in chalepin can be presumed to originatef
from the attachment of a 3.3-dimethylallyl unit at
C-6 of the coumarin nucleus followed by oxidative
cyclisation with the neighbouring oxygen. The
origin of the l,l-dimethylallyl moiety at C-3 in
chalepin is, however, not clear. It is rather unlikely
that this unit could arise by direct alkylation
because it would then result in attachment of the
prenyl unit in the form of 3,3-dimethylallyl group.
prenyl unit in the form of 3,3-dimethylallyl group.
This is based on our earlier observations" that under
laboratory conditions 7-(3,3-dimethylallyl)-oxycou-
marin can be converted to 3-(I,I-dimethyl-allyl)-7-
hydroxycoumarin via a triple Claisen rearrange-
ment. Therefore, it appeared to us an attractive
possibility that this chemical process may be
simulated in nature, accounting for the origin of the
substituent in coumarins. According to this
reasoning the biogenesis of chalepin could be
envisaged as follows (cf. Scheme III).
7-(3,3-Dimethylallyl)oxycoumarin 10 on triple
Claisen rearrangement could furnish 3-( 1,1-
dimethylallyl)-7 -hydroxycoumarin 11, which on
prenylation at C-6 followed by epoxidation could
give 13. The oxidative cyclisation of 13 with
neighbouring phenolic group would yield chalepin
15.
Synthesis of Precursors. Umbelliferone 1, 7·
(3,3-dimethylallyl)-7-hydroxycoumarin 10, 3-(1,1-
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dimethylallyl)-7 -hydroxycoumarin 11, gravellifer-
one 12 and 6-(1,I-dimethylallyl)-7-hydroxycouma-
rin 16 were prepared as described earlier1o•11 while
6-( I, l-dimethylallyl)-7 -hydroxycoumarin 17 was
prepared by alkaline hydrolysis of 16.
Labeling of Precursors. [3H]-Umbelliferone 1
and [3H]-3-( 1, l-dimethylallyl)-7 -hydroxycoumarin
11 were prepared by phosphoric acid-boron
trifluoride I 2 catalysed tritium exchange reaction.
[3H]-7 -(3 ,3-Dimethylallyl)oxycoumarin 10 was
prepared by the reaction of [3H]-umbelliferone 1
with l-bromo-Semethylbut-z-ene. [3H]-6-(1,1-Di-
methylallyl)-7 -hydroxycoumarin 17 and [3H]-
gravelliferone 12 were prepared by the base-
catalysed exchange reaction with tritiated water-
triethylamine.
Feeding Experiments. [3H]-Umbelliferone 1,
[3H]-7-(3,3-dimethylallyl)oxycoumarin 10, [3H]-6-
(1, l-dimethylallyl)-7 -hydroxycoumarin 17, [3H]-3-
(1, l-dimethylallyl)-7 -hydroxycoumarin 11 and
[3H]-gravelliferone 12 were fed by wick method to
6 months old R graveolens plants. After five days,
the plants were harvested and biosynthetic chalepin
was isolated by PLC over silica gel. It was
crystallised to constant activity and. radiochemical
purity of 15 established by conversion to its acetyl
derivative. The results obtained by feeding various
precursors are recorded in Table I.
Trapping Experiment. The feeding results
established that 3-( 1, l-dimethylallyl)-7 -hydroxycou-
marin 11 is an efficient precursor of chalepin 15 in
R graveolens. A true precursor should fulfil two
criteria; it should exist in the plant and should also
Table 1- Tracer experiments on R. graveole1U
Expt. % Incorporation
No. Precursor fed into chalepin 15







5. [3H]-Gravelliferone 12 0.54
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be incorporated into the compound for which it is
the precursor. In order to establish the presence of
11 in R. graveo/ens, l-[U_14C]-tyrosine was fed to
young plants. Biosynthetic 11 was isolated from the
plant and purified to constant activity by reverse
dilution technique. Further, its radiochemical purity
was confirmed by conversion to the corresponding
O-methyl ether which was found to possess the
same molar activity. 3-(1,I-Dimethylallyl)-7-hydr-
oxycoumarin 11 thus fulfilled both the requirements
of a true precursor.
Discussion
From the results given in Table I, it is apparent
that indeed umbelliferone 1 is the parent starting
material utilised for the biosynthesis of chalepin 15
in R. graveolens. The efficient incorporation of 7,..
(3,3-dimethylallyl)oxycoumarin 10 into chalepin
supports the fact that 1,l-dimethylallyl moiety at C-
3 of chalepin could originate from a mechanism
analogous to the chemically induced triple Claisen
rearrangement of coumarin 10.
Further support for this mechanism was provided
by the efficient incorporation of 6-(I, l-dimethyl-
allyl)-7-hydroxycoumarin 17 into chalepin. It is
possible that in the presence of some specific
enzyme system, coumarin 17 may tautornerise and
then rearrange to furnish 3-(1, l-dimethylallyl)-7-
hydroxycoumarin 11.
During their study in the biosynthesis of linear
furanocoumarins, Brown et al? have observed that
7-(3,3-dimethylallyl)oxycoumarin 10 is also an
efficient precursor for this class of compounds.
Since no possible mechanism can be visualised for
the utilisation of 7-(3,3-dimethylallyl)oxycoumarin
in the biosynthesis of furanocoumarins, they
speculated that coumarin 10 could be cleaved to
umbelliferone before its incorporation. This raises
the possibility that in the present experiments,
coumarin 10 may also lose its prenyl chain before it
is converted to chalepin. This would then necessitate
a mechanism by which the prenyl chain can be
attached at C-6 of the coumarin in the form of 1,1-
dimethylallyl group because coumarin 17 is well
utilised in the biosynthesis of chalepin. Since no
chemical or biosynthetic precedent exists as yet for
such a transformation, it appears more likely that
the route followed for the biosynthesis of chalepin
involves an enzymatic mechanism analogous to
triple Claisen rearrangement of 7-(3,3-dimethyl-
allyl)oxycoumarin. In order to further confirm this
point, experiments with doubly labelled precursors
in the prenyl chain and umbelliferone are underway
so that the intact incorporation of 10 could be
demonstrated for the biosynthesis of chalepin in R.
graveolens .
Efficient incorporation of 3-( I, l-dimethylallyl)-
7-hydroxycoumarin in 15 indicates that this is the
key intermediate for the biosynthesis of chalepin.
Utilisation of gravelliferone 12 into chalepin
supported the hypothesis that the origin of
dihydrofuran moiety in chalepin is via prenylation at
C-6 followed by oxidative cyclisation with
neighbouring hydroxy function.
Experimental Section
Counting method. Packard Model 3330 Tricarb
liquid Scintillation spectrometer was used for
measuring 14C and 3H activities. Samples were
dissolved in methanol (0.5 ml) and counted in
scintillation fluid (7.5 ml.). Relative efficiencies
were determined with the help of [2_14C]- and [2,2-
3H2]-hexadecane standards.
6-(I,I-Dimethylallyl)-7-hydroxycoumarin (17).
To a solution of the butyrate 16 (100 mg) in
methanol (10 ml) was added 30% ammonium
hydroxide solution (5 ml.) and the mixture stirred
for 0.5 hr at room temperature. It was diluted with
water (10 ml.), methanol removed under reduced
pressure and extracted with ethyl acetate (2 x 50
ml.). The organic layer was washed with water,
dried over anhydrous sodium sulphate and
concentrated to furnish a residue which was
crystallised from ethyl acetate-hexane, m.p. 144-
45°, yield 80%; IR(KBr): 3390 (OH) and 1720 cm'
(unsaturated-Selactone); lH NMR(CDCI3): l 8.56
[s, 6H, CHC(CH3)2], 5.6 (bs, IH. OH), 4.87 (dd,
IH, H-A, JAX = 17.0 and JAB = l.5 Hz), 4.85 (dd,
IH, H-B,.lax = 10.0 and JAB = l.5 Hz), 3.89 «dd,
IH, H-~, JAX = 17.0 and JBX = 10.0 Hz), 3.91
(d, IH, H-3), 3.28 (s,lH, H-8), 2.79 (s, IH, H-5)
and 2.45 (d, IH, H-3).
(3H]-Umbelliferone 1. A stoichiometric mixture
of tritiated water (0.1 ml, 100 mCi) and phos-
phorus pentoxide was saturated with boron
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trifluoride to furnish a dense residue and umbelli-
ferone (100 mg) was then added to it. The mixture
was kept at room temperature for 24 hr and diluted
with water. The precipitated product was filtered,
washed well with wate: and crystallised from
aqueous ethanol to constant activity (yield 80 mg).
Specific activity = 5.15 X 10-2 mCilmg
[3H)-7-(3,J-Dimethylallyl)oxycoumarin 10. A
mixture of umbelliferone (50 mg, 2.5 mCi), 1-
bromo-3-methylbut-2--ene (60 mg) and anhydrous
potassium carbonate (75 mg) was refluxed in dry
acetone for 8 hr. The reaction mixture was cooled
and filtered. The filtrate was concentrated under
reduced pressure, diluted with water (5 mL) and
extracted with ethyl acetate (3 x 10 ml.). The
organic layer was washed with water, dried over
anhydrous sodium sulphate and concentrated to
furnish the coumarin 10 as an oil which was
crystallised from benzene-hexane to constant
activity (yield 50 mg),
Specific activity = 3.17 x 10-2 mCilmg
[3H)-3-(I,I-Dimethylallyl)-7-hydroxycoumarin
11. A stoichiometric mixture of tritiated water (0.1
mL, 100 mCi) and phosphorus pentoxide was
saturated with boron trifluoride and then coumarin
11 (100 mg) added to it. The reaction mixture was
kept at room temperature for 24 hr and diluted with
water. The precipitated product was filtered,
washed well with water, dried and crystallised from
benzene-hexane to constant activity (yield 60 rng).
Specific activity = 3.88 x 10-2 mCilmg
[3H)-6-(3,3-Dimethylallyl)-7-hydroxycoumarin
17. A mixture of coumarin 17 (50 mg), tritiated
water (0.15 mL, 150 mCi) and triethylamine (0.5
mL) was heated in a sealed tube on refluxing
benzene for 72 hr. It was cooled, diluted with water
( 10 ml.), triethylamine removed under reduced
pressure and extracted with ethyl acetate (2 x 10
ml.). The organic layer was washed with water,
dried over anhydrous sodium sulphate and
concentrated to furnish 17 as an oil which
crystallised from benzene to constant activity (yield
30 mg).
Specific activity = 4.6 x 10-2 mCilmg
[3H) -3-( 1,1- Dimethylal1yl )-6-(3,3-dimethyl-
al1yl)-7-hydroxycoumarin 12. A mixture of
coumarin 12 (15 mg) and tritiated water (0. 15 mL,
150 mCi) and triethylamine (0.2 mL) was heated in
a sealed tube for 72 hr on refluxing benzene. The
reaction mixture was then worked-up as described
in the preceding experiment to afford 12 which was
crystallised from benzene-hexane to constant
activity (yield 10 mg).
Specific activity = 6.1 x l 0-2 mCilmg
Feeding of [3H]-umbelliferone. A solution of
umbelliferone (0.51 mCi, 10 mg) in 0.05% aqueous
NaOH (1 mL) was fed to six months old plant of R.
graveolens by wick method. The plant was
harvested after 5 days, macerated in EtOH (500
mL) and left overnight. The ethanolic extract was
decanted and the residue percolated with fresh
EtOH (2 x 250 mL). The combined EtOH extract
was concentrated under reduced pressure. The green
viscous mass so obtained was taken up in 2N HCI
(50 mL) and extracted with chloroform. The organic
layer was washed with water, dried over anhydrous
sodium sulphate and concentrated to furnish a
residue from which chalepin 15 (150 mg) was
isolated by PLC over silica gel. It was crystallised
from benzene-hexane to constant activity.
Specific activity = 4.59 x 103 dlminlmg
Molar activity = 1.44 x 106 dlminlmol
Incorporation = 0.15%
A mixture of biosynthetic 15 (10 mg), acetic
anhydride (I mL) and pyridine (0.1 mL) was
refluxed for 4 hr. Excess of acetic anhydride and
pyridine were removed under reduced pressure to
furnish chalepin acetate which was crystallised from
hexane to constant activity (yield, 8 mg).
Specific activity = 3.95 x 103 dlminlmg
Molar activity = 1.40x 106 dlminlmol
Feeding of [3H)-7-(3,3-dimethylallyl) oxycou-
marin 10. A solution of coumarin 10 (0.47 mCi, 15
mg) in 0.05% aqueous NaOH (1 mL) was fed to six
months old R. graveolens plant by wick feeding.
The plant was harvested after 5 days and worked-up
as described earlier to furnish chalepin 15 (140 mg).
Specific activity = 9.34 x 103 dlminlmg
Molar activity = 2.93 x 106 dlminlmol
Incorporation = 0.31 %
The chalepin acetate was prepared as described
earlier.
Specific activity = 7.98 x 103 dlminlmg
Molar activity = 2.84 x 106 d/min/mol
Feeding of [3H]-6-(1,1-dimethylallyl)-7-hydr-
oxycoumarin 17. A solution of coumarin 17 (0.46
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mCi, 10 mg) in 0.05% aqueous NaOH (1 mL) was
fed to six month old plant of R. graveolens by wick
method. The plant was harvested after 5 days and
worked-up as described earlier to afford chalepin IS
(130 mg).
Specific activity = 3.80)( 103 d/min/rng
Incorporation = 0.11 %
Feeding of [3HI-3-(I,I-dimethylallyl)-7-hydr-
oxycoumarin 11. A solution of coumarin 11 (0.46
mCi, 12 mg) in 0.05% aqueous NaOH (1 mL) was
fed to R. graveolens plant by wick feeding. The
plant was harvested after 5 days and worked-up as
described earlier to furnish chalepin 15 (150 mg).
Specific activity = 1.44 x 104 d/min/mg
Incorporation = 0.48%
Feeding of [3H)-3-(I,I-dimethylallyl)-6-(3,3-
dimethylallyl)-7-hydroxycoumarin 12. A solution
of coumarin 12 (0.48 mCi, 8 mg) in 0.05% aqueous
NaOH (1 mL) was fed to six months old plant of R.
graveolens by wick method. The plant was
harvested after 5 days and worked-up as described
earlier to afford chalepin 15 (140 mg).
Specific activity = 1.65 x 104 d/min/mg
Incorporation = 0.54%
Feeding of L-[U-14C]-tyrosine. A solution of
L-[U_14C]-tyrosine (0.1 mCi, 2 mL) in water was
fed to six months old plant of R. graveo/ens by
wick feeding. The plant was harvested after 5 days
and macerated in EtOH (500 mL) containing
inactive coumarin 11 (30 mg). It was worked-up as
described earlier to furnish a residue from which 3-
(1,I~ethylallyl)-7-hydroxycoumarin 11 (25 mg)
was isolated by PLC over silica gel. It was
crystallised from benzene-hexane to constant
activity.
Specific activity = 41 d/min/mg
Molar activity = 9.4 x 103 d/min/mol
Incorporation = 0.007%
To a cooled solution of 11 (10 mg) in dry ether
was added excess of diazomethane and the mixture
kept at 0° C for 12 hr. Removal of solvent gave the
methyl ether of II which was crystallised from
methanol to constant activity (yield, 8 mg).
Specific activity = 38 d/min/rng
Molar activity = 9.27 x 103 dlminlmol
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